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FOREWORD

The Air Cushion Landing Gear Feasibility Study reporied herein was performed
under United States Air Force Contract No. AF 33(615)3296 from February 1966 to
March 1967. The contract was initiated under Project No. 1369 Task No. 136907.

The work was carried through by Bell Aerosystems Company, P.O. Box 1,
Buffalo, N.Y. 14240 (managed by T.D. Eari - Project Manager, Air Cushion Landing
Gear). The project was directed by the Air Foice Flight Dynamics Laberatory
(Aivars Petersons, Head, Landing Gear Group AFFDL and David J. Perez, Project
Engineer, Landing Gear Group AFFDL).

The project was initiated by an unsolicitcd proposal from Bell Aerosystems
Company (Report No. D7233-953001) and the present report carries the Bell Aero-
systems designation D7233-945001.

A 16 mm sound and color movie film of tests included in the work was produced.

Manuscript released by the author 15 March 1967 for publication as an RTD
Technical Report.

This technical report has been reviewed and is approved.

Aivars Petersons
Acting Branch Chief.

Mechanical Branch
Air Force Flight Dynamics Laboratory
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The svstem concept ie described. It is a scheme to replace aircraft wheel gear
withk an annular jet air cushion. It embodies a iarge pneumatic bag or bags surround-
ing and beneath the fusclage. A continuous air feed from an on-board power source
maintains the bag inflated while producing a distributed jet flow at its base. The
escaping jets create a pressure bencath the aircraft whenever it is close to the take-
off or landing surface, and fliminate friction. Air clearance beneath the bags is
minimal, surface irregularities being tolerated by the resilience of the flexible mate-

rial itself.

The objective is to provide an improved tolerance to the takeoff 2nd landing I

ABSTRACT

maneuver and environment with no compromise of flight performance.

The study considers application to a C-119 twin boom flying boxcar - selected as

main cushion of ;60 {t area being preferred.

i

1

l

a suitable development aircreaft. Alternative configurations are analyzed, a single !
H

The work included tests of a 1/3 scale partial length model and a 1/12 scale
gquasi-static wind tunnel model. The 1/3 scale partial modei was tested on an hydrau-
lically powered whirling arm rig to develop satisfactory retraction and determine

obstacle performance, energy absorption and damping. Neat retraction was achieved
using specially develcped one way stretch elastic material. With representative
powering, the model was able to traverse a 10 inch full scale wall at 10 mph and up,
and cross a series of mounds up (0 22 inches. Drop tests indicated the estimated
design vertical sink rate of over 20 ft/sec without wing lift would be achieved in the

fiat attitude with critical damping.

The wind tunne! was tesied over the moving ground at the NASA Langley '
Research Center uand successfully simulated landing and iakeoff maneuvers in response !
to clevator control. The modei was free in pitch and heave. Free air drag of the

influted bag wae found to be the same as that of the extended whecli gear.

1t i8 concluded that the landing and takeoff mancuver preseants no special pro-
blems to takenff rotation « levator power and that supevior ener;

h b ool
Snerygy ZO0STTRLTH and

damping are available. The retraction method using elastic mater'al appears to be i
most promising. To the extent that this research covers the expected problem areas i

the systein feasibility is established.

11
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I. INTRCDUCTION

A SYSTEM CONCEPT

The Air Cushion Landing Gear is 2 scheme to replace, or in certain cases load
relieve aircruft wheel gear with an annular jet air cushion, As illustrated in Figure 1,
it embedies a pneuniatic bag or bags mounted beneath and surrounding the fuselage.

A continuous air feed from an on-board power socurce maintains the bag inflated while
producing a distributed jet flow at its base. The escaping jets create a pressure in the
cavity contsined hy the bag beneath the aircraft whenever it is close to the takeoff or
landing surface, Air clearance beneath the bags 18 minimal, surface irregularities
being tolerated by the resilience of the flexible material itself. The inflation pressure
is verv low (330 1b/it2). The bags are retractable and the entire system is expected
to be competitive with wheel gear in terms of welght and drag.

The objective is to provide an improved tolerance to the takeoff and landing
mancuver and environment with no compromise of performance and enable aircraft
to operate from any surface consistency, including water. It iz in fact a soft landing
system with footprint pressure in the region of 1 to 3 1b/in.”.

While offering slgnificant other ac vantages associated with takeoff and landing
such as cross-wind capability, kneeling, distributed load, fast retraction, high energy
absorption and damping, and improved overland braking, the system is also expected
to result in improved operating economy. This is because it will tend to allow a long-
er takeoff and landing run to be used in any given situation, due to the less stringent
fleld requizement and the forgiving nature cf the system. Given equivalence of weight
and drag, this will resuit in improved payload /gross weight,

The crucial effect of this factor is well kncwn and it can be shown that a 10%
{ncrease in takeoff speed is likely to provide an economic impact as great as a 20%
tmprovement in load fa:tor. It {3 believed that this improved economy will be ~om~-
bined with increased capability and, therefore, {ndicates a large potential, both military

Ledld Faw dhom Amnlnmad cohos
and civilian, for the doveicpla aysiem,

B. TEST AIRCRAFT

The present study considers the applicatioi of the system to a C-119. This
aircraft was selected as a sultable test bed for tue following reasons:

(a) It is a suitable size, large enough o that prototype application to a front
line logistic alrcraft can follow directly.

(b) Tt ts ideally configured. The wheei arrangement (retracting into twin booms)
is such that no alteration ie necessary for test purposes. The fuselage is
straight sided, fiat bottomed, roomy and structurally convenient, with a
minimum of services and equipment beneath the floor. Equipment relocation
is thus minimal.
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A number of alternative configurations for the air cushion were considered,
and three quite radically different arrangements were tested in the wind tunnel. The
best of these for the C-119 application is considerad to be the: single main cushion
using the elastic bag type trunk shown in Figure 2. Advantages and disadvantages of
the alternatives are discussed in Section II. The effects of varying the detail geometry
for the single main cushion with the reasons for tclecting that illustrated are also
analyzed,

The power system is considered purely as a tetit bed aircraft installation, In an
operational application a compact auxiltary power package will be required such as
that {llustrated Ir Figure 3 which represents a C-130 as a {yplcal operational applt-
cation. In this case, for the C-119 test aircraft, test convenlence is the only criterion

; and no effori was made to design a compact power package. However, alternative
powerpiants were considered using different engines and different types of fans and
these installaticns give an idea of the tradeoff between system weight and size with
cushion performance. The best systein for the test aircraft {¢ considered to be as
shown tn Figure 4, which uses twin T58-10 gas turbines driving backwsard~curved
centrifugal fans. This constitutes overpowering the system in terms of a probable
operational installation, which is a destrable feature for the test alrcrafy, ¢cnabling the
effect of power on gystem performance to b¢ determined fully., However, except for
general deperdability, selection of a particular powerplant and ian 1s not critical to the
development program.

C: WIND TUNNEL MODEL

Tests were conducied on a 1/12 scale quast-dynamic model of the C-119 fitted
with air cushion landing gesr. Figure 5 showe the model in the inow gpeed section of
the NASA Langley 7 ft x 10 ft tunnel where the tests ware run, using the moving ground
{a continuous belt) as the takooff and landing surfuce. The teats congluted of perforn:-
ing actun! takeoffs and landinge with the model, tnto which atr for the air cushion was
plped along the sti.g from an external source., The model was pitched by ite own re-
motely controlled elevator :t was alao free to slide somo elght inchis up the vertical |
mounting post, clear of the ground, but it was fixed in yaw, roll and In the side to sfde |
and fore and afl directivne. Thus, the technique was to start with model reating to the l
ground; inf'ate the alv cushlon, bripging the model up to ubout 30 Inchem full scalo ‘
height In hover and friction free on the surtace; bring the ground belt and tunnel velo- <
city up to the takeoff speed tn a level attitude; and operate tha clevator in rmall tncro- !
ments to ruise the nose, when the model would take vif smootibiy and lenvo the ground
in asimulsted takeoff. For landing, tunnel and bolt spocdy were ruducoed with the !
model at a sultably high angle of attack until the modol sank buck to the ground on the ‘
; rear of the alr bag und the nose was thon lowered by cluvator controi n a simulated !
i landing.

Measurements of 1tit, drag, elovator ar:zle, pitch attitudo, hoight and pressuros *‘
wore made and are analyzod (h a subsequont soction, The tests were nuccesaful, amd
provide proof that the normal takeoff and landing mancuvor will not bo compromlsed
hy the alr cushlon dosplte saome deficloncies in model charactoristics. ‘Takoolls and ‘
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Alr Cushion Data
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Figure 4. Inhoard Profile With T68-1) Englaes.
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landings were made down te approximately 1,06 timos the powev-off stalling speed,
The (n-flight drag ot tha Inflated bag was found tn be simliar to that of the extended
wheeis. However, the toial of profile and momentum drags (s larger, resulting in a
reduced climb angle with the bag Inflated. This (s offset by the {ast retraction avatll-
able with the bag system, plus the extra thrust available {rom diverting the alr
cushion fiow,

D. WHIRLING ARM MODEL

The objectives of the whirling arm mode) tests wers to dovelop ratisfactory
retraction, detarmine behavior in crossing selectod obntaclos and evaluats vnergy
sbsorption and damping. The model ls shown (n Figure 6 mounted on the whirling arm,
with the trunks {nflatod, whila Figure 7 (e a general view of the whirling arm and
obstacles showing the modal resting on the ground with the trunks deflated,

The modo] represents s wingtip float sultablo for C-119 {nutallution, and alsc
ropresents approximately s 4/10 longth main air cushion at 1/3 scale, Alr for the
oushion 1s provided by a speotal hydreulioslly drivea cuntrifugal fan, hydraulic power
being provided through swivel joints ut the hub of tho rotating arm, The model {u
mounted on paratlel links to be free to risc and fall but {8 othorwise restrained. The
arm in rotated by a smal! hydraullc motor driving » pnenmatic tire fn contnct with
tho ground.

Prior to whirl testing, mosaurements of cushion prossure, trunk pressure, and
fan rpin were med-  and the model performance was reluted to these and to the mode!l
wolght, For drop tests, mensuremonts inoluded a continuous record of height,
cushion prosavre and vertical acceloration versum e,
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